This clinical policy from the American College of Emergency Physicians addresses key issues for wellappearing infants and children younger than 2 years presenting to the emergency department with fever.
INTRODUCTION
Fever is the most common chief complaint among infants and children presenting to an emergency department (ED), accounting for 15% of all ED visits in a given year for patients younger than 15 years. 1 The majority of febrile children will have a benign, self-limited viral infection. However, a small number of pediatric patients, especially those younger than 3 months because of their relatively immature immune system, will have a serious infection. The management of the toxic or illappearing pediatric patient is straightforward; however, the dilemma for the health care provider is to differentiate the well-appearing febrile infant or child with a serious bacterial infection (SBI) from the febrile infant or child with a benign, usually viral infection. In a study of more than 3,000 febrile infants, only 58% of those with bacteremia or bacterial meningitis appeared clinically ill. 2 There are multiple considerations in the initial assessment of the febrile pediatric patient younger than 2 years: infants and children may have a serious infection and be hypothermic or have a normal temperature; antipyretic use in the previous 4 hours may result in a normal or lower temperature when the infant or child presents to the ED or other health care setting; there should be a determination of the accuracy or validity of the temperature obtained with a home measuring device; fever may be the result of a bacterial or nonbacterial infection (eg, viral infection) or have a noninfectious cause; some viral infections, such as herpes simplex virus, can have devastating consequences in this age group; and the presence of a viral infection does not preclude the coexistence of a bacterial infection.
In terms of management, other complex issues to consider include immunization status (ie, fully, partially, or not immunized) and the capacity of the parent or caregiver to continuously monitor the infant or child if discharged home, or to return within 12 to 24 hours.
Fever without a source, or fever without a focus, has the following criteria: acute onset, duration of less than 1 week, and absence of localizing signs. In the prepneumococcal vaccine era, even after a thorough history and physical examination, a source of infection was not identified in 27.1% of children. 3 There are many difficulties inherent in developing an evidence-based clinical policy for the management of infants and children with fever. This includes the heterogeneity of definitions, age groups, clinical settings, patient populations, types of diagnostic studies, inclusion or exclusion criteria, thresholds for positive or negative test results, and endpoints or outcomes. Even the definition of fever varies between studies, although the generally used definition is a rectal temperature of greater than or equal to 38.0 C (100.4 F), documented in the clinical setting or at home within the past 24 hours. The definitions (and thus incidence, outcomes, etc) of SBI vary greatly. In some studies, SBI includes bacteremia, bacterial meningitis, urinary tract infection, pneumonia, septic arthritis, osteomyelitis, cellulitis, and enteritis, whereas others include only bacteremia, bacterial meningitis, and urinary tract infection. In the majority of studies, the reference standard for the diagnosis of SBI is a positive culture result from a sample of blood, urine, cerebrospinal fluid, or stool (typically performed only if diarrhea is present). [4] [5] [6] In the prepneumococcal vaccine era, for febrile infants and children the risk of SBI by age has been reported as 13% in neonates (aged 3 to 28 days), 4 9% in infants aged 29 to 56 days, 5 and 7% in infants aged 90 days or younger. 6 Also, the risk of a positive blood culture result (ie, bacteremia) in an otherwise well-appearing febrile infant or child, aged 3 months to 36 /L), 7 and 7% with a fever (!38 C [100. 4 F]) in infants aged 90 days or younger. 6 In 2 of these older studies of occult bacteremia, the most common organisms were Streptococcus pneumonia (85%, 85%) and Haemophilus influenza b (7.4%, 10%). 7, 8 Other organisms included group B streptococcus, Neisseria meningitidis, and salmonella. 6, 7 Since the advent of vaccines against Streptococcus pneumonia (7-valent conjugate pneumococcal vaccine, licensed, and recommended in 2000 in the United States) and Haemophilus influenza type b vaccine, licensed in the United States in 1985 and replaced by licensed conjugate vaccine in 1990), the incidence of occult bacteremia has declined to 0.004%, 0.9%, 0.17%, 1.6%, and 2% according to various studies. 3, [9] [10] [11] [12] Pneumococcal disease has declined by nearly 80% and the prevalence of pathogens has changed.
In the postpneumococcal and Haemophilus influenza type b vaccine era, although there has been a decrease in the incidence of occult bacteremia, pneumococcal meningitis, and pneumococcal pneumonia, bacterial infections, including meningitis from organisms other than pneumococcus and type B Haemophilus influenza, have emerged. In a large study from Kaiser Permanente in California of full-term infants from whom 5,396 blood cultures, 4,599 urine cultures, and 1,796 cerebrospinal fluid cultures were obtained, the SBIs were urinary tract 17.9% (823/4,599 urine cultures), bacteremia 2% (129/5,396 blood cultures), and bacterial meningitis 0.9% (16/1,796 cerebrospinal fluid cultures). 12 Escherichia coli was the leading cause of bacteremia (60%), urinary tract infection (87.4%), and bacterial meningitis (43.7%). 12 Multiple sites of infection occurred in 9% of patients, 10% of urinary tract infections were associated with bacteremia, and 52% of bacteremia was associated with urinary tract infections. Of occult infections, 92% were associated with urinary tract infections. 12 The most common SBI is now urinary tract infection in febrile infants younger than 24 months with a prevalence of 5% to 7% and even higher among certain high-risk subgroups (eg, 20% for uncircumcised male infants). 13 The optimal method for the detection of urinary tract infections in infants and children has not been determined. The diagnosis and management of pneumonia continues to be a significant challenge (cough is the second most common reason for a visit to the ED). 1 Whether concurrent viral infections affect the incidence, severity, and type of bacterial infections also remains to be determined.
Various clinical decision rules for risk stratification of febrile infants have been published, including the Rochester, Philadelphia, Boston, and Pittsburgh criteria, and the Yale Observation Scale. 5, [14] [15] [16] [17] The Agency for Healthcare Research and Quality reviewed these wellknown risk stratification schemes, 18 and there is no consensus about the most useful clinical prediction rule for identifying the infant or young child with SBI. In addition, a variety of biological markers such as the WBC count, absolute neutrophil count, band count, C-reactive protein, interleukins, and procalcitonin have been suggested for use in the identification of SBI, but the results have been mixed. Although no single screening test or algorithm for identifying young febrile children or infants with SBIs has been universally accepted, the use of a combination of diagnostic tests along with procalcitonin has potential. 19, 20 Since the previous American College of Emergency Physicians' (ACEP) clinical policy on children presenting with fever, 21 much has changed, especially since the advent of the newer vaccines and the introduction of diagnostic technologies, such as rapid antigen testing for bacteria and viruses. However, questions and controversies remain about the optimal management of the infant and young child presenting to the ED with fever. This clinical policy was selected for review because of the frequent occurrence of fever in infants and children, the difficulty in diagnosis and management of pediatric patients with fever, especially those younger than 2 years, and the potential for serious adverse outcomes. Many of the early SBI studies included children up to aged 36 months; however, with the more recent focus on the identification of specific pathogens and the changing epidemiology among the various age groups, this clinical policy focuses on children and infants younger than 2 years but specifically excludes neonates (aged 28 days). Although there are many clinical questions that could be asked, the areas of focus in this policy were selected based on ACEP member feedback.
METHODOLOGY
This clinical policy was created after careful review and critical analysis of the medical literature and was based on a systematic review of the literature. Searches of MEDLINE, MEDLINE InProcess, Scopus, Web of Science, and the Cochrane Database were performed. All searches were limited to English-language sources and human studies. Specific key words/phrases, years used in the searches, dates of searches, and study selection are identified under each critical question. In addition, relevant articles from the bibliographies of included studies and more recent articles identified by committee members and reviewers were included.
This policy is a product of the ACEP clinical policy development process, including expert review, and is based on the existing literature; when literature was not available, consensus of emergency physicians was used. Expert review comments were received from emergency physicians, members of the American Academy of Pediatrics (AAP) and American Academy of Family Physicians, and ACEP's Pediatric Emergency Medicine Committee. Comments were received during a 60-day open comment period, with notices of the comment period sent in an e-mail to ACEP members, published in EM Today, and posted on the ACEP Web site. The responses were used to further refine and enhance this policy; however, the responses do not imply endorsement of this clinical policy. Clinical policies are scheduled for revision every 3 years; however, interim reviews are conducted when technology, methodology, or the practice environment changes significantly. ACEP was the funding source for this clinical policy.
Assessment of Classes of Evidence
All articles used in the formulation of this clinical policy were graded by at least 2 methodologists and assigned a Class of Evidence. Each article was assigned a design class with design 1 representing the strongest study design and subsequent design classes (ie, design 2, design 3) representing respectively weaker study designs for therapeutic, diagnostic, or prognostic clinical reports, or meta-analyses (Appendix A). Articles were then graded on dimensions related to the study's methodological features, such as randomization processes, blinding, allocation concealment, methods of data collection, outcome measures and their assessment, selection and misclassification biases, sample size, and generalizability. Using a predetermined process related to the study's design, methodological quality, and applicability to the critical question, articles received a final Class of Evidence grade (ie, Class I, Class II, Class III, or Class X) (Appendix B). Articles identified with fatal flaws or that were ultimately not applicable to the critical question received a Class of Evidence grade "X" and were not used in formulating recommendations for this policy. Grading was done with respect to the specific critical questions; thus, the level of evidence for any one study may vary according to the question for which it is being considered. As such, it was possible for a single article to receive different Classes of Evidence as different critical questions were answered from the same study. Question-specific Classes of Evidence grading may be found in the Evidentiary Table ( There are certain circumstances in which the recommendations stemming from a body of evidence should not be rated as highly as the individual studies on which they are based. Factors such as heterogeneity of results, uncertainty about effect magnitude and consequences, and publication bias, among others, might lead to such a downgrading of recommendations.
When possible, clinically oriented statistics (eg, likelihood ratios [LRs], number needed to treat) are presented to help the reader better understand how the results may be applied to the individual patient. For a definition of these statistical concepts, see Appendix C.
This policy is not intended to be a complete manual on the evaluation and management of young pediatric patients with fever but rather a focused examination of critical issues that have particular relevance to the current practice of emergency medicine.
It is the goal of the Clinical Policies Committee to provide an evidence-based recommendation when the medical literature provides enough quality information to answer a critical question. When the medical literature does not contain adequate empirical data to answer a critical question, the members of the Clinical Policies Committee believe that it is equally important to alert emergency physicians to this fact.
This clinical policy is not intended to represent a legal standard of care for emergency physicians. Recommendations offered in this policy are not intended to represent the only diagnostic or management options available to the emergency physician. ACEP recognizes the importance of the individual physician's judgment and patient preferences. This guideline defines for the physician those strategies for which medical literature exists to provide support for answers to the critical questions addressed in this policy.
Scope of Application. This guideline is intended for physicians working in EDs.
Inclusion Criteria. This guideline applies to previously healthy term infants and children, appropriately immunized for age, with ages as described in each critical question.
Exclusion Criteria. This guideline excludes neonates, prematurely born infants, and pediatric patients considered to be at high risk such as those with significant congenital abnormalities, with serious illnesses preceding the onset of fever, and in an immunocompromised state.
For potential benefits and harms of implementing the recommendations, see Appendix D.
CRITICAL QUESTIONS
1. For well-appearing immunocompetent infants and children aged 2 months to 2 years presenting with fever ( ‡38.0 C [100.4 F]), are there clinical predictors that identify patients at risk for urinary tract infection?
Patient Management Recommendations
Level A recommendations. None specified. Level B recommendations. None specified. Level C recommendations. Infants and children at increased risk for urinary tract infection include females younger than 12 months, uncircumcised males, nonblack race, fever duration greater than 24 hours, higher fever (!39 C), negative test result for respiratory pathogens, and no obvious source of infection. Although the presence of a viral infection decreases the risk, no clinical feature has been shown to effectively exclude urinary tract infection. Physicians should consider urinalysis and urine culture testing to identify urinary tract infection in well-appearing infants and children aged 2 months to 2 years with a fever !38 C (100.4 F), especially among those at higher risk for urinary tract infection. Study Selection: Three hundred seventy-three articles were identified in the search. Twenty-six articles were selected from the search results for further review, with 2 studies included for this critical question.
Based on study selection criteria, 2 Class III studies were included to answer this critical question. 22, 23 In a prospective study of infants aged 57 to 180 days presenting to a tertiary pediatric ED with rectal temperatures (!38.0 C [100.4 F]), Hsiao et al 22 described clinical and laboratory features associated with serious SBI. All infants received the following testing: CBC count with differential, C-reactive protein, blood cultures, urine for urinalysis and urine culture, and direct fluorescent antibody for respiratory syncytial virus (RSV), influenza, parainfluenza, and adenovirus. Urine culture results were considered positive if they grew more than 10,000 bacterial colonies of a single organism. Urethral catheterization was used for all patients except for 2 infants for whom suprapubic needle aspiration was performed because of failed catheterization.
Of 429 consecutive infants enrolled from February 2003 to February 2004, 41 had positive urine culture results (9.6%; 95% confidence interval [CI] 6.9% to 12.7%) and 4 had positive blood culture results (0.9%; 95% CI 0.3% to 2.4%); 1 infant (0.2%) had E coli in both the urine and blood. Of the 58 infants who underwent lumbar puncture, none had positive cerebrospinal fluid bacterial culture results. 22 Six infants were diagnosed with sterile pyuria (>11 WBCs per high-power field [hpf] ). An obvious source of fever (presumed viral upper respiratory infection, otitis media, or bronchiolitis) was identified in 264 patients (61.5%). Of 163 infants with positive direct fluorescent antibody test results, 8 (4.9%; 95% CI 2.1% to 9.4%) had an SBI. Although the authors noted that 1 of these patients had bacteremia and bacteriuria, there was no further description of positive urine versus blood bacterial culture results in this subgroup. The rate of SBI in infants with positive direct fluorescent antibody test results was lower than that for infants with negative direct fluorescent antibody test results (13.5%; 95% CI 9.6% to 18.4%). Infants with an obvious source of fever had a lower rate of SBI than those without an obvious source (6.1% versus 18.1%).
The mean Yale Observation Scale score for infants with an SBI was 1.4 points higher (indicating more illappearing) than for those without an SBI (9. Infants with a Yale Observation Scale score of greater than or equal to 21 ("very ill-appearing") had the highest rate of SBI (40%) versus those with scores of less than 10 (10.0%;
"not ill-appearing") and 11 to 20 (13.1%; "ill appearing"). Uncircumcised male patients had a substantially higher rate of bacteriuria (36%; 95% CI 22.9% to 50.8%) compared with circumcised male patients (1.6%; 95% CI 0.2% to 5.5%). Height of fever, sex, and age were not associated with increased risk of SBI. 22 In summary, of infants aged 2 to 6 months with rectal temperatures (!38 C [100.4 F]), the following clinical variables were associated with a greater rate of SBI: ill appearance, longer duration of fever, uncircumcised male infants, negative direct fluorescent antibody results for common viral pathogens, or no obvious source of fever (such as upper respiratory tract infection, otitis media, or bronchiolitis). 22 The following laboratory variables were associated with a greater rate of SBI: elevated mean WBC count, elevated mean absolute neutrophil count, and elevated mean C-reactive protein. All but 4 of the SBIs identified were due to positive urine culture results. Although these clinical variables increased the risk of SBI, the absence of any single measure was insufficient to identify patients who could avoid urine testing to identify a potential SBI. For example, 10% of infants with an SBI were identified as not ill-appearing and almost 5% of infants with a positive direct fluorescent antibody result had an SBI. Of note, 3 of the 4 cases of bacteremia were prospectively identified as not ill-appearing based on clinical examination and the Yale Observation Scale score. 22 A Class III meta-analysis included studies that contained data on signs or symptoms of urinary tract infection in infants and children aged 18 years or younger with a fever. 23 The meta-analysis included 12 prospective cohort or cross-sectional studies from 1973 to 2006, with a total of 8,837 febrile infants and children aged 15 years or younger. Findings that were most useful for identifying urinary tract infection were temperature greater than 40 C (LR 3.2 to 3.3), history of a urinary tract infection (LR 2.3 to 2.9), uncircumcised male patient (LR 2.8; 95% CI 1.9 to 4.3), and suprapubic tenderness (LR 4.4; 95% CI 1.6 to 12.4). For the combination of temperature greater than 39 C and fever duration greater than 48 hours, the LR was 4.0 (95% CI 1.2 to 13.0). 23 Data from the 2011 AAP Clinical Practice Guideline on Urinary Tract Infections 24 indicated that otherwise wellappearing patients aged 2 to 24 months with fever (!38 C) can be stratified according to clinical risk factors for urinary tract infections. Risk factors for female patients include white race, age (<12 months), temperature (!39 C), fever (!2 days), and absence of another source of infection (sensitivity¼88%; specificity¼30%). [25] [26] [27] The Level C recommendation for question 1 identifies the same risk factors for urinary tract infection as the AAP guideline. 24 
Future Research
Future investigations should focus on the ability to accurately estimate the risk of urinary tract infections based on clinical predictors among patients aged 2 months to 2 years.
2. For well-appearing febrile infants and children aged 2 months to 2 years undergoing urine testing, which laboratory testing method(s) should be used to diagnose a urinary tract infection?
Patient Management Recommendations Level A recommendations. None specified. Level B recommendations. Physicians can use a positive test result for any one of the following to make a preliminary diagnosis of urinary tract infection in febrile patients aged 2 months to 2 years: urine leukocyte esterase, nitrites, leukocyte count, or Gram's stain.
Level C recommendations.
(1) Physicians should obtain a urine culture when starting antibiotics for the preliminary diagnosis of urinary tract infection in febrile patients aged 2 months to 2 years. (2) In febrile infants and children aged 2 months to 2 years with a negative dipstick urinalysis result in whom urinary tract infection is still suspected, obtain a urine culture.
Key words/phrases for literature searches: urine specimen collection, urinary tract infections, urinalysis, all infant, and variations and combinations of the key words/ phrases. Searches included January 2003 through search dates of February 6, 2015 and March 13, 2015.
Study Selection: Four hundred ninety-two articles were identified in the search. One hundred nine articles were selected from the search results for further review, with 10 studies included for this critical question.
There were 2 Class II studies 28, 29 and 8 Class III studies [30] [31] [32] [33] [34] [35] [36] [37] that evaluated urine testing to diagnose a urinary tract infection and included infants and children aged 2 months to 2 years. A subset of a larger study, the Pediatric Research in Office Settings febrile infant study 28 of 3,066 infants aged 0 to 3 months with a fever (!38 C [100.4 F]) in a pediatric office setting, compared diagnostic testing between urine collected by bag or catheterization, with urinary tract infection defined as pure growth of a single pathogen with greater than or equal to 100,000 colony-forming units (CFU)/mL (bag sample) and greater than or equal to 20,000 CFU/mL (catheterization sample). Of the 1,482 infants who had both urinalysis and urine cultures, 1,384 specimens were bag or catheterization. For all specimens (bag or catheterization), nitrites had better specificity (99% nitrites versus 91% leukocyte esterase), whereas leukocyte esterase had higher sensitivity (84% leukocyte esterase versus 39% nitrites). Although sensitivity and specificity were higher in catheterized specimens versus bag specimens for both leukocyte esterase and nitrite, the only significant difference was leukocyte esterase specificity with bag urine of 84% versus catheterization urine at 94%. For urine WBC/hpf as a diagnostic test for urinary tract infection for all specimens, LR¼19 for WBC count greater than 20/hpf, LR¼18.2 for 11 to 20 WBCs/hpf, LR¼2.8 for 6 to 10 WBCs/hpf, LR¼1 for 3 to 5 WBCs/hpf, and LR¼0.3 for 0 to 2 WBCs/hpf. The authors found that the relative risk of an ambiguous culture result for specimens obtained by bag was 2.7 (95% CI 1.7 to 4.5), although the absolute risk was small (7.4% bag urine versus 2.7% catheterization urine). Moreover, 21 cultures (95% CI 13 to 53) would have to be obtained by catheterization to avoid 1 ambiguous culture obtained by bag. 28 In the technical report from the AAP, 38 given a 5% prevalence of urinary tract infection and a bagged urine specificity of 70%, the positive predictive value of a urinary culture obtained from a bag is only 15%. Therefore, among positive bagged urine results, it would be expected that 85% would be false positives. 38 Although a negative urinalysis result from a bagged specimen may be useful for clinical decisionmaking, a positive bagged urinalysis result should prompt a urine culture obtained by catheterization or suprapubic aspiration.
A Class II meta-analysis of diagnostic tests for urinary tract infection evaluated 95 studies in 95,703 children aged 18 years or younger. 29 Summary estimates for sensitivity and specificity, respectively, were nitrite only 49% (95% CI 41% to 57%) and 98% (95% CI 96% to 99%); leukocyte esterase or nitrite 88% (95% CI 82% to 91%) and 79% (95% CI 69% to 87%); urine WBC counts (>10/mL) 74% (95% CI 67% to 80%) and 86% (95% CI 82% to 90%), unstained bacteria 88% (95% CI 75% to 94%) and 92% (95% CI 84% to 96%), and Gram'sstained bacteria 91% (95% CI 80% to 96%) and 96% (95% CI 92% to 98%). These rapid diagnostic tests were negative in about 10% of children with urinary tract infections and "cannot replace urine culture."
A Class III retrospective review of 375 pediatric ED patients aged 0 to 10 years from Australia defined a negative urinalysis result as a urine dipstick negative for all blood, protein, leucocytes, and nitrites, and a positive urine culture result as greater than 10 5 organisms/mm 3 of an isolated organism deemed not to be a contaminant. 30 Urine was obtained by bag or clean catch except for 4 cases in which suprapubic aspirate was conducted. For all patients, the researchers found a prevalence of urinary tract infections of 10.7%, urine dipstick sensitivity of 92.5% (95% CI 84.3% to 100%), and specificity 39.4% (95% CI 34.2% to 44.6%). In the 0-to 2-year age group (160 patients), the prevalence of urinary tract infection was higher at 15%, sensitivity lower at 87.5% (95% CI 74.3% to 100%), and specificity about the same at 39.7% (95% CI 31.5% to 47.9%), whereas in the 2-to 10-year age group, the prevalence was lower at 7.0%, sensitivity greater at 100% (95% CI 100% to 100%), and specificity similar at 39.2% (95% CI 32.4% to 46%).
In another Class III study, 321 urine samples from febrile patients younger than 2 years (mean age 9.3 months) presenting to a pediatric ED in the United Kingdom were evaluated by dipstick urinalysis and urine culture. 31 A test that was positive for nitrite, leukocyte esterase, and blood was 97.12% specific (95% CI 94.17% to 98.6%) and had a positive LR of 15.13 (95% CI 6.99 to 32.76), whereas a test negative for nitrite, leukocyte esterase, blood, and protein had a sensitivity of 97.44% (95% CI 91.12% to 99.29%) and a negative LR of 0.10 (95% CI 0.02 to 0.39).
One Class III study that evaluated a subgroup of infants (N¼649) with a positive urine culture result (!50,000 CFU/mL) of a single pathogen collected by a sterile method (ie, catheterization or suprapubic aspiration) was part of a larger febrile (!38 C [100.4 F]) infant (<90 days of age) multicenter study from Spain. 32 For leukocyte esterase, there was a mean sensitivity of 82.1%, mean specificity of 92.4%, mean negative predictive value of 97.8% for female patients (N¼176) and 94.1% for male patients (N¼473), and a mean positive predictive value of 58% for female patients and 79.4% for male patients.
A pediatric ED Class III study of febrile patients younger than 5 years (half the patients were 12 months) with a urinary tract infection prevalence of 17.6% reported lower sensitivities for diagnostic testing compared with other studies. 33 Urine samples were obtained by catheterization. For all patients, the sensitivities and negative predictive values were nitrite 20% and 85%, hemoglobin 44% and 88%, leukocyte esterase 48% and 90%, 2 to 5 or more WBCs/hpf in sediment 48% and 90%, centrifuge Gram's stain 60% and 92%, and unspun WBC count greater than 10/mL 68% and 92%, respectively. For infants aged 12 months or younger versus older than 12 months, the respective sensitivities were nitrite 17% and 23%, hemoglobin 33% and 53%, leukocyte esterase 42% and 53%; 2 to 5 or more WBCs/ hpf in sediment 42% and 53%, centrifuge Gram's stain 42% and 76%, and unspun WBC count greater than 10/mL 67% and 69%, respectively.
A Class III study by Reardon et al 34 of 435 patients who had both a urinalysis and urine culture from a larger registry of febrile patients (<3 months and temperature
!38
C, or 3 to 24 months of age with temperature !39 C) (mean age 12.6 months) seen at a tertiary care general ED reported 10.3% positive culture results (!10,000 CFU). Urine samples were obtained by catheterization in all female patients, male patients younger than 6 months, and uncircumcised male patients younger than 12 months. A positive urinalysis result was any one of the following: pyuria (!5 WBCs/hpf) or positive leukocyte esterase result or positive nitrite result. The results for urinalysis were sensitivity 64% (95% CI 49% to 78%), specificity 91% (95% CI 88% to 94%), positive predictive value 46% (95% CI 31% to 53%), and negative predictive value 96% (95% CI 93% to 97%).
A Class III retrospective chart review by Waseem et al 35 of 749 children aged 2 months to 2 years, assessed the diagnostic performance of urinalysis among those who presented to the ED with fever (temperature >38 C [100. 4 F]) and a positive urine culture result. Of these 749 children, 141 were excluded because of incomplete urinalysis results, incomplete antibiotic sensitivity data, and polymicrobial infection, leaving 608 children for analysis. They were divided into those with E coli (82.1%) versus non-E coli (17.9%) groups. Thirty percent of children with a positive urine culture result had a negative urinalysis result as defined by negative leukocyte esterase result, negative nitrite result, and urine WBC count less than 5/ hpf. Of the 183 negative urinalysis results, 59% were due to non-E coli organisms. Positive leukocyte esterase result had a LR¼2.5 (95% CI 1.5 to 4.2), whereas positive nitrite result had an LR¼2.8 (95% CI 1.4 to 5.5) and urine WBC count LR¼1.8 (95% CI 1.3 to 2.4) in predicting E coli versus non-E coli infections.
A Class III study by Tosif et al 36 evaluated contamination rates in 599 urine specimens obtained from 599 children younger than 2 years. Sample collection methods were 34% clean catch urine, 16% catheter specimen urine, 14% suprapubic aspiration, 2% bag specimen urine, and 34% unknown. Urine contamination was mixed growth and a colony count greater than or equal to 10 4 CFU/mL for suprapubic aspiration or catheter specimen urine; greater than or equal to 10 6 for clean catch urine, indwelling catheters, and unspecified samples; and greater than or equal to 10 8 for bag specimen urine. The contamination rates were 26% clean catch urine, 12% catheter specimen urine, and 1% suprapubic aspiration.
Point-of-care urine dipstick and automated urinalysis were compared in a Class III prospective study of febrile (temperature !38.0 C [100.4 F]) infants and children younger than 48 months who underwent urethral catheterization. 37 Urine cultures were positive if they had urinary bacterial growth greater than or equal to 50,000/mL. Twelve percent (42/346) of the children and infants had urinary bacterial growth. Point-of-care urine dipstick with greater than or equal to 1þ leukocyte esterase or positive nitrite had a sensitivity of 95% and a specificity of 98%. Sensitivities and specificities were 86% and 98% for automated leukocyte counts greater than or equal to 100/mL and 98% and 98% for bacterial counts greater than or equal to 250/mL.
Automated microscopy also showed promising results in a study by Shah et al. 39 The study was of catheterized specimens from ED patients, of whom 81% were younger than 2 years of age and 80% had fever (either by history or physical examination). For automated microscopy (finding both pyuria and bacteriuria), positive LR¼16 and negative LR¼0.4, whereas conventional nonautomated results were positive LR¼78 and negative LR¼0. 23 . In patients of all ages, flow cytometry has been shown to have an excellent negative LR of 0.015. 40 The level B recommendation about the use of diagnostic tests (eg, leukocyte esterase, nitrites, leukocyte count, Gram's stain) for a preliminary diagnosis of urinary tract infection and the level C recommendation that a urine culture should be obtained when urinary tract infection is suspected even with a negative urinalysis result are consistent with the AAP guideline. 24 The AAP guideline further recommends that the specimen be obtained through catheterization or suprapubic aspirate; however, the different methods for obtaining urinalysis were not evaluated for this ACEP clinical policy.
Future Research
Future research should include a comparison of dipstick urinalysis diagnostic findings with the standard criterion of urine culture for the different urine collection methods, especially for clean catch versus catheter urine, and an evaluation of automated microscopy and flow cytometry with standard techniques of urinalysis.
For well-appearing immunocompetent infants and
children aged 2 months to 2 years presenting with fever ( ‡38.0 C [100.4 F]), are there clinical predictors that identify patients at risk for pneumonia for whom a chest radiograph should be obtained?
Patient Management Recommendations
Level A recommendations. None specified. Level B recommendations. In well-appearing immunocompetent infants and children aged 2 months to 2 years presenting with fever (!38 C [100. 4 F] ) and no obvious source of infection, physicians should consider obtaining a chest radiograph for those with cough, hypoxia, rales, high fever (!39 C), fever duration greater than 48 hours, or tachycardia and tachypnea out of proportion to fever.
Level C recommendations. In well-appearing immunocompetent infants and children aged 2 months to 2 years presenting with fever (!38 C [100. 4 F] ) and wheezing or a high likelihood of bronchiolitis, physicians should not order a chest radiograph.
Key words/phrases for literature searches: pneumonia, radiography thoracic, chest radiography, chest x-ray, fever, febrile, infant/child, all infant, and variations and combinations of the key words/phrases. Searches included January 2003 through search dates of February 6, 2015, and March 13, 2015.
Study Selection: Four hundred seventy-three articles were identified in the search. Sixty-four articles were selected from the search results for further review, with 9 studies included for this critical question.
Based on study selection criteria, 1 Class II study 41 and 8 Class III studies [42] [43] [44] [45] [46] [47] [48] [49] were included to answer this critical question.
Obtaining a chest radiograph in a well-appearing child presenting with fever has potential benefits in terms of making the diagnosis and initiating appropriate treatment, but the decision must be balanced against potential harms such as radiation exposure and cost. Although there is less diagnostic dilemma in the ill-appearing child, the need to obtain a chest radiograph may be unclear for the more commonly presenting well-appearing febrile pediatric patient. This is especially true given the greater likelihood of benign viral illnesses in this age group, which can produce respiratory symptoms that mimic more serious bacterial pneumonias.
A critical limitation related to the study of pediatric pneumonia is the lack of a reference standard for the diagnosis of bacterial pneumonia, which was defined as a consolidation on radiograph plus a positive blood culture result, pleural fluid culture or antigen, or serologic marker. 41 All other studies graded for this clinical question defined bacterial pneumonia as a radiographic finding, thus likely overestimating the true incidence of bacterial pneumonia.
In a Class II study, Craig et al 41 found that physician diagnosis of bacterial infection overall had low sensitivity (10% to 50%) and high specificity (90% to 100%). In an effort to develop a multivariable model to predict SBIs, including pneumonia, patients with high fever (!102.2 F), cough, rales (crackles) on auscultation, tachycardia, tachypnea, or long duration of fever were more likely to have bacterial pneumonia. Bilkis et al 42 in a Class III study also concluded that having decreased breath sounds, rales, or tachypnea was predictive of radiographic pneumonia, with a sensitivity of 94%. Hypoxia was not addressed in either of these studies.
With regard to negative predictors, the presence of any one of the following 3 reduced the likelihood of having bacterial pneumonia: wheezing, stridor, or an abnormal ear, nose, and throat examination result. 41 In a prospective Class III study by Mathews et al, 43 none of the 126 patients aged 2 months to 2 years who presented with wheezing had radiographic pneumonia. However, this study did not specify which children in this group had fever, thus providing only indirect evidence related to the critical question. 43 In a Class III study by Cardoso et al, 44 tachypnea and lower chest indrawing (retractions) were found to be a predictor of radiographic pneumonia in patients aged 2 months to 2 years with associated sensitivity of 92% (95% CI 80% to 98%) and specificity 44% (95% CI 40% to 53%). The limitation to this study is the application to our question, given that these clinical features could be argued to indicate the ill-appearing child.
Oxygen saturation has been shown to be lower in subjects with radiographic pneumonia in 4 Class III studies; however, these studies did not agree on a specific cutoff value. [45] [46] [47] [48] In a study by Simon et al, 45 hypoxia was found to be predictive of radiographic pneumonia but had inadequate sensitivity and specificity to recommend a specific cutoff value for oxygen saturation; in fact, radiographic pneumonia was found in half of patients with an oxygen saturation of 96% or higher. Therefore, the absence of hypoxia in their study group did not rule out radiographic pneumonia. Neuman et al 46 found hypoxia (oxygen saturation 92%) to be the single best predictor of radiographic pneumonia in a subset of children younger than 5 years; however, this finding cannot be directly applied to our clinical question, given the inclusion of children older than 2 years. Ayalon et al 47 and MahabeeGittens et al, 48 using a cutoff of 95% and 96%, respectively, found a higher likelihood of radiographic pneumonia among hypoxic patients.
In children with bronchiolitis, Ecochard-Dugelay et al 49 (Class III study) found that a temperature greater than or equal to 38 C (100.4 F) was the only positive predictor of radiographic pneumonia. Furthermore, rales (crackles) and SpO 2 less than 95% did not predict radiographic pneumonia in their study population.
Future Research
Large prospective studies are needed to better assess historical information and physical examination findings to more accurately determine which children should undergo a chest radiograph to determine the diagnosis and optimal management for bacterial pneumonia. The development and validation of an accurate clinical decision tool would also be helpful.
For well-appearing immunocompetent full-term infants
aged 1 month to 3 months (29 days to 90 days) presenting with fever ( ‡38.0 C [100.4 F]), are there predictors that identify patients at risk for meningitis from whom cerebrospinal fluid should be obtained?
Patient Management Recommendations
Level A recommendations. None specified. Level B recommendations. None specified. Level C recommendations.
(1) Although there are no predictors that adequately identify full-term well-appearing febrile infants aged 29 to 90 days from whom cerebrospinal fluid should be obtained, the performance of a lumbar puncture may still be considered. (2) In the full-term well-appearing febrile infant aged 29 to 90 days diagnosed with a viral illness, deferment of lumbar puncture is a reasonable option, given the lower risk for meningitis. When lumbar puncture is deferred in the full-term well-appearing febrile infant aged 29 to 90 days, antibiotics should be withheld unless another bacterial source is identified. Admission, close follow-up with the primary care provider, or a return visit for a recheck in the ED is needed. Study Selection: Six hundred sixty-one articles were identified in the search. Sixty-eight articles were selected from the search results for further review, with 1 study included for this critical question. Studies that did not report subgroup analysis of the specific age groups noted in the question were not included.
Laboratory evaluation for fever in the young infant is frequently performed in the ED setting. This often includes lumbar puncture to obtain cerebrospinal fluid to assess for meningitis. Although concern is greatest for bacterial meningitis, the diagnosis of viral meningitis often leads to an admission disposition for observation and treatment, pending bacterial cultures. Routine lumbar puncture in the young infant younger than 90 days has been an area of extensive debate and controversy, as noted in many studies showing variation of practice and nonadherence to guidelines. [50] [51] [52] [53] [54] Treatment with antibiotics without lumbar puncture may lead to concerns about partially treated or delayed recognition of meningitis; however, lumbar puncture is a procedure that is invasive and not without risk. Prediction of well-appearing healthy young infants with fever who should have a lumbar puncture would be very helpful in potentially limiting parental anxiety, invasive testing, cost, exposure to antibiotics, and/or hospital admission.
The challenge and difficulty in assessing the literature revolves around the fact that most studies defined SBI as bacterial infection resulting in meningitis, urinary tract infection, or bacteremia, whereas other studies included infections such as pneumonia or soft tissue infections within the definition of SBI. In addition, many trials had very small numbers of patients with the outcome of interest, particularly meningitis. Heterogeneity among trials, including age subsets, fever or temperature thresholds, and other clinical assessment strategies, limited the number of studies that directly addressed this clinical question. Cerebrospinal fluid pleocytosis without meningitis is relatively common in young infants with enterovirus or urinary tract infection. 55, 56 Even in a well-appearing infant who has a lumbar puncture, cerebrospinal fluid pleocytosis rarely equates to a diagnosis of bacterial meningitis. Approximately 20% of all infants younger than 90 days with fever will have enterovirus, and roughly 50% of enteroviruspositive infants will have cerebrospinal fluid pleocytosis. 55 Clearly, for the ill-appearing patient or infant with concerning examination findings for meningitis, a lumbar puncture should be performed; however, the challenge lies in assessing this need in the well-appearing infant.
One Class III trial by Meehan and Bachur 57 was identified in this systematic review. This 2008 retrospective study assessed 2,820 immunocompetent infants aged 90 days or younger with rectal fever (!38 C [100.4 F]) for presence of cerebrospinal fluid pleocytosis, which was defined as cerebrospinal fluid WBC count greater than or equal to 25 cells/mL for those aged 0 to 28 days or greater than or equal to 10 cells/mL for those aged 29 to 90 days. A cerebrospinal fluid WBC count correction factor for the number of RBCs was used at a ratio of 500:1. Of the 2,197 patients from whom cerebrospinal fluid was obtained, 182 had a traumatic lumbar puncture (defined as !10,000 RBCs/mL), and 12 patients (9 pretreated with antibiotics and 3 with ventriculoperitoneal shunts) were excluded, leaving 2,003 patients for analysis. The study outcome was cerebrospinal fluid pleocytosis and not specifically bacterial meningitis. In this study, 176 of 2,003 patients (8.8%; 95% CI 7.6% to 10.1%) aged 90 days or younger had cerebrospinal fluid pleocytosis (8.4% aseptic meningitis and 0.4% bacterial meningitis). Another purpose of this study was to create a decision tree model using recursive partitioning to predict which infants were most likely to have cerebrospinal fluid pleocytosis, using age, WBC counts, absolute neutrophil count, temperature, and season of presentation. There were 2 strong predictors: seasonal presentation and temperature greater than 38.4 C (101.1 F) with a WBC count greater than 6,100/mL. Cerebrospinal fluid pleocytosis risk was 5.0% (69/1,387; 95% CI 4.0% to 6.3%) in the nonsummer months (October through May) versus 17.4% (107/616; 95% CI 14.6% to 20.6%) during the summer months (June through September). Patients with a temperature greater than 38.4 C (101.1 F) and WBC count greater than 6,100/mL were categorized as being at higher risk for cerebrospinal fluid pleocytosis (49/673; 95% CI 5.6% to 9.5%). Overall, 7 patients (0.35%; 95% CI 0.17% to 0.72%) had bacterial meningitis and 2 of these patients did not have cerebrospinal fluid pleocytosis; however, only 1 of these patients would not have been classified in either of the high-risk groups discussed above. This patient was 2.5 months old and described as "ill appearing, lethargic, with mottled skin and poor perfusion, full anterior fontanelle" and had a temperature of 38.8 C with WBC count 2,200/ mL. Five of 7 (71%) of the patients with bacterial meningitis had positive blood culture results.
Several studies have evaluated infants for the presence of SBI in the setting of a viral illness such as influenza, RSV, or the clinical diagnosis of bronchiolitis. In these trials, overall risk of SBI was lower in the setting of a clinically diagnosed viral illness or positive viral test result; however, these studies did not provide adequate power to discern statistical differences between viral and nonviral subgroups for meningitis. 54, [58] [59] [60] A multicenter prospective crosssectional study of 1,091 febrile infants aged 60 days or younger with fever evaluated during 3 consecutive influenza seasons showed a significantly decreased risk of overall SBI in patients testing positive for influenza. 59 In this study, 844 of 1,091 infants (77.4%) were tested for influenza, 123 of 844 (14.6%) tested positive, and there were no cases of meningitis in the influenza-positive group (0/119¼0% [95% CI 0% to 2.5%]). Study interpretation in the context of the critical question is limited because all patients with fever were included (ie, not just wellappearing infants), and outcomes assessing meningitis were not statistically significant. 59 A 3-year multicenter prospective cross-sectional trial sought to compare the risk of SBI in febrile infants aged 60 days or younger from October through March diagnosed with RSV by nasopharyngeal antigen testing versus those without RSV. 60 RSV-positive testing was noted in 269 of 1,248 enrolled infants (22%), but overall SBI status was determined from 1,169 of 1,248 (94%) because these patients had either all 3 cultures performed (urine, blood, and cerebrospinal fluid; N¼1,135 [91%]) or 2 cultures (blood and urine) performed with clinical follow-up (N¼34 [3%] ). The rate of SBI in the RSV-positive group compared with the RSV-negative group was 7.0% (17/244; 95% CI 4.1% to 10.9%) versus 12.5% (116/925; 95% CI 10.5% to 14.8%), respectively, (risk difference 5.5%; 95% CI 1.7% to 9.4%). No RSV-positive infant had bacterial meningitis (0/251; 95% CI 0% to 1.2%). 60 The Pediatric Research in Office Settings network trial 54 was a prospective cohort of 3,066 febrile infants younger than 3 months. Practitioners made the diagnosis of bronchiolitis clinically, using a predefined definition from the Febrile Infant Study manual before obtaining laboratory results. A clinical diagnosis of bronchiolitis was given to 218 of 3,066 infants (7.1%); 35 of 218 (16%) had cerebrospinal fluid obtained and none of these patients had an SBI or meningitis. The authors also noted that meningitis has rarely been reported, complicating a concomitant diagnosis of bronchiolitis with only sporadic case reports in the literature. 54 
Future Research
Future research should focus on the improved availability of early detection or point-of-care viral and bacterial testing to quickly assess identifiable causes to better risk stratify the well-appearing febrile infant population for meningitis. Large multicenter prospective trials are needed to improve power, with more robust sample sizes. Future studies should report on meningitis as a separate outcome rather than combining several outcomes under the general umbrella of SBI. Studies assessing the risks of overtesting should be developed to improve patientcentered decisionmaking.
Relevant industry relationships: There were no relevant industry relationships disclosed by the subcommittee members for this topic. One Clinical Policies Committee member was recused from voting on recommendations due to a spousal relationship with industry.
Relevant industry relationships are those relationships with companies associated with products or services that significantly impact the specific aspect of disease addressed in the critical question.
LR (D)
L R( L) Level A recommendations. None specified. Level B recommendations. None specified. Level C recommendations. Infants and children at increased risk for urinary tract infection include females younger than 12 months, uncircumcised males, nonblack race, fever duration greater than 24 hours, higher fever (!39 C), negative test result for respiratory pathogens, and no obvious source of infection. Although the presence of a viral infection decreases the risk, no clinical feature has been shown to effectively exclude urinary tract infection. Physicians should consider urinalysis and urine culture testing to identify urinary tract infection in well-appearing infants and children aged 2 months to 2 years with a fever !38 C (100.4 F), especially among those at higher risk for urinary tract infection.
Potential Benefit of Implementing the Recommendations: A decreased risk of missing a urinary tract infection with its associated morbidity and mortality in this vulnerable population.
Potential Harm of Implementing the Recommendations: Potential complications associated with obtaining a urine sample using sterile techniques by catheterization or suprapubic aspiration, and the increased financial costs associated with diagnostic testing.
(1) Physicians should obtain a urine culture when starting antibiotics for the preliminary diagnosis of urinary tract infection in febrile patients aged 2 months to 2 years. (2) In febrile infants and children aged 2 months to 2 years with a negative dipstick urinalysis result in whom urinary tract infection is still suspected, obtain a urine culture. Potential Benefit of Implementing the Recommendations: If the urine test result is positive, it decreases further testing and allows more rapid decisionmaking in regard to disposition.
Potential Harm of Implementing the Recommendations: If the urine test result is negative, it increases uncertainty about the source of the fever, which may lead to further testing and delays to disposition.
3. For well-appearing immunocompetent infants and children aged 2 months to 2 years presenting with fever ( ‡38.0 C [100.4 F]), are there clinical predictors that identify patients at risk for pneumonia for whom a chest radiograph should be obtained?
Patient Management Recommendations
Level A recommendations. None specified. Level B recommendations. In well-appearing immunocompetent infants and children aged 2 months to 2 years presenting with fever (!38 C [100.4 F]) and no obvious source of infection, physicians should consider obtaining a chest radiograph for those with cough, hypoxia, rales, high fever (!39 C), fever duration greater than 48 hours, or tachycardia and tachypnea out of proportion to fever.
Potential Benefit of Implementing the Recommendations: The benefits of obtaining a chest radiograph in patients at higher risk for pneumonia will decrease the incidence of complications associated with missed cases of pneumonia and allow the initiation of treatment that may lead to earlier resolution of symptoms.
Potential Harm of Implementing the Recommendations: The primary harm associated with obtaining chest radiographs in children at higher risk of pneumonia is the exposure to radiation, yet the radiation dose associated with a standard chest radiograph is much lower than that of advanced imaging modalities such as computed tomography of the thorax. Another potential harm is overdiagnosis from false-positive radiographs. This can lead to overtreatment and subsequent potential harms without any potential benefit.
4. For well-appearing immunocompetent full-term infants aged 1 month to 3 months (29 days to 90 days) presenting with fever ( ‡38.0 C [100.4 F]), are there predictors that identify patients at risk for meningitis from whom cerebrospinal fluid should be obtained?
(1) Although there are no predictors that adequately identify full-term well-appearing febrile infants aged 29 to 90 days from whom cerebrospinal fluid should be obtained, the performance of a lumbar puncture may still be considered. (2) In the full-term well-appearing febrile infant aged 29 to 90 days diagnosed with a viral illness, deferment of lumbar puncture is a reasonable option, given the lower risk for meningitis. When lumbar puncture is deferred in the full-term well-appearing febrile infant aged 29 to 90 days, antibiotics should be withheld unless another bacterial source is identified. Admission, close follow-up with the primary care provider, or a return visit for a recheck in the ED is needed. (Consensus recommendation) Potential Benefit of Implementing the Recommendations: Potential for less invasive testing, reduced resource use, and costs (ie, potential reduction in iatrogenic injury, traumatic lumbar punctures with unclear results or cerebrospinal fluid pleocytosis, patient pain, and parental anxiety), reduced exposures to other infectious diseases associated with hospital admission, and decreased exposure to unnecessary empiric antibiotic treatment.
Potential Harm of Implementing the Recommendations: Potential for delayed diagnosis and/or treatment if lumbar puncture is deferred.
